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Systematics of the UCNτ Experiment

Overview

Overview I

Vud from Neutron Decay

update plot**

• Most precise: superallowed Fermi 0+ → 0+ decays: Vud at 0.02% level1

• From neutron decay, require δA
A
∼ 0.1% + δτ ∼ 0.35s → Vud at 0.02% level

1Phys. Rev. C 79 055502 (2009), Phys. Rev. C 82 065501 (2010)
7 / 42∼ 4σ discrepancy between

CN beam and UCN trap τn
measurements

1 τ = 4908.7±1.9s
|Vud |2(1+3λ2)

2 Combined with angular
correlation parameter to
determine |Vud |

3 Directly impacts 4He
abundance in the early
universe
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Systematics of the UCNτ Experiment

Overview

Overview II

1

1 Located at the LANSCE spallation
UCN source

Capable of loading the trap with
∼ 50k UCN per fill
Allows for ∼ 1 s measurement in
a weekend of running

2 Magneto-Gravitational Trap

Permanent Halbach Array
confines UCN from below
Gravity holds UCN in from top
Minimizes Material interactions

3 Multiple Counting Methods

Traditional Fill and Dump
Count the activation of
Vanadium foil

1Salvat et al., PRC 89, 052501 (2014)
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Overview

Overview III
UCNτ	  Testbed:	  Magneto-‐gravita5onal	  storage	  vessel	  

	  

UCNs	  

Halbach	  array	  of	  permanent	  magnets	  
No	  material	  interac5ons	  during	  storage	  period	  
In	  situ	  (V-‐foil	  ac5va5on)	  or	  ex	  situ	  (fill	  and	  dump)	  neutron	  detec5on	  possible	  

In	  situ	  detector	  

Halbach	  array	  
Cleaner	  

Ex	  situ	  monitor	  (10B)	  

Polarizer	   Spin	  flipper	  
Al	  shuKer	  
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Systematics of the UCNτ Experiment

Overview

Measurement Cycle

Fill-‐and-‐Empty	  Measurement	  

UCN	  absorber	  

Al	  shu:er	  

UCN	  monitor	  

UCN	  

27	  
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Overview

Measurement Cycle
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Overview

Measurement Cycle
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Overview

Measurement Cycle
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Overview

Measurement Cycle

Fill-‐and-‐Detect	  Measurement	  
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β	  and	  γ	  
detectors	  
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Overview

Measurement Cycle
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Measurement Cycle
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Overview

Measurement Cycle

Fill-‐and-‐Detect	  Measurement	  

UCN	  absorber	  

Al	  shu:er	  

UCN	  monitor	  

Cl
os
e	  
sh
u:

er
	  

Be
am

	  o
ff,
	  c
lo
se
	  tr
ap
	  

do
or
,	  o
pe

n	  
sh
u:

er
	  

Ra
ise

	  c
le
an
er
	  

Lo
w
er
	  V
	  fo

il,
	  th

en
	  

ra
ise

	  V
	  fo

il	  
in
to
	  d
et
.	  

Storage	  Ime	  

β	  and	  γ	  
detectors	  

Time	  

Time (s)
0 100 200 300 400 500 600

C
ou

nt
s 

pe
r 1

0-
s 

bi
n

0
20
40
60
80

100
120
140
160
180
200

V Decay Curve52Simulated 

52
V	  
De

ca
ys
	  (s
im

ul
at
ed

)	   y ≈ w
τ 52V

N52V exp(−t / τ 52V )+B

35	  
R.W. Pattie Jr for the UCNτ Collaboration Systematics of the UCNτ Experiment 5 / 14



Systematics of the UCNτ Experiment

Overview

Major Systematic Effects

1 Normalization

Source Fluctuations
Insufficient fill time
Monitor Detector
efficiency changes
Polarization fluctuations
Variation in trap cleaner
height

2 Losses in The Trap

3 Detector Response

Fluctuations

sys. redux by D.J. Salvat on Wednesday 19th March, 2014 – slide 16 of 26 Normalization

R.W. Pattie Jr for the UCNτ Collaboration Systematics of the UCNτ Experiment 6 / 14



Systematics of the UCNτ Experiment

Overview

Major Systematic Effects

1 Normalization
2 Losses in The Trap

Residual Gas Scattering
Depolarization
UCN Heating
Leaking through trap door
Field holes (trap defects)
Material interactions
Marginally trapped UCN

3 Detector Response

τ−1
trap = τ−1

β + τ−1
loss
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Systematics of the UCNτ Experiment

Overview

Major Systematic Effects

1 Normalization

2 Losses in The Trap
3 Detector Response

Energy dependent
draining
Time dependent
backgrounds
Phase space evolution
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Normalization

Proton Beam Fluctuations

Two-point measurement

N1(t1) = N01e
−t1/τ + B1

N2(t2) = N02e
−t2/τ + B2

τ =
∆t1,2

ln
(

N1(t1)−B1
N2(t2)−B2

)
−ln

(
N01
N02

)
Ideal case N01 = N02, trap
filled with same number of
UCN each run

Previous tests indicate
spectral variations not a
problem at 0.1% level

Normalization
Variation

Proton Current

Source stability
R.W. Pattie Jr for the UCNτ Collaboration Systematics of the UCNτ Experiment 7 / 14



Systematics of the UCNτ Experiment

Normalization

Proton Beam Fluctuations

Two-point measurement

N1(t1) = N01e
−t1/τ + B1

N2(t2) = N02e
−t2/τ + B2

τ =
∆t1,2

ln
(

N1(t1)−B1
N2(t2)−B2

)
−ln

(
N01
N02

)
Ideal case N01 = N02, trap
filled with same number of
UCN each run

Previous tests indicate
spectral variations not a
problem at 0.1% level

Gate Valve Monitor!

Standpipe Detector!

10B Detector!

Al Shutter!

Enhancing Normalizer Stability

Z. Wang (session KE12)!

N(t) =

Z T

0

RN(t � ⌧)B(t) d⌧

M(t) =

Z T

0

RM(t � ⌧)B(t) d⌧

⌘(t) = L�1


LM(s)

LRM(s)
LRtrap(s)

�

New density monitor
detector (see Z. Wang’s talk
next)

Normalization
Variation

Proton Current

Source stability
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UCN transport Effects

Depolarization and Field Zeros

Halbach Array and Holding Field
Halbach	  Array	  +	  Holding	  Field	  

(if	  con5nuous	  rota5on	  of	  M)	  

η	  

ζ	  

d	  

w	  

Parameters:	  
d	  =	  2.54	  cm,	  w	  =	  1.27	  cm,	  Brem	  =	  1.3	  T	  
	  	  	  	  	  	  min.	  trapping	  field	  0.82	  T	  at	  2	  mm,	  
corresponds	  to	  mgh	  =	  |µnB|	  with	  
h	  =	  0.48	  m	  

Holding	  field	  eliminates	  
field	  zeros	  

2	  

1 Field zeros induced by
reversing holding field coil
current

2 Can study the effect of
different holding fields on
bottle lifetime
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UCN transport Effects

Depolarization and Field Zeros

Halbach Array and Holding FieldHalbach	  Array	  +	  Holding	  Field	  

(if	  con5nuous	  rota5on	  of	  M)	  

η	  

ζ	  

d	  

w	  

Parameters:	  
d	  =	  2.54	  cm,	  w	  =	  1.27	  cm,	  Brem	  =	  1.3	  T	  
	  	  	  	  	  	  min.	  trapping	  field	  0.82	  T	  at	  2	  mm,	  
corresponds	  to	  mgh	  =	  |µnB|	  with	  
h	  =	  0.48	  m	  

Holding	  field	  eliminates	  
field	  zeros	  

2	  

1 Trap defects are patched
with Cu tape (∼ 42cm2)

2 τn correction of ∼ 0.3s

3 Depolarization at 50 Gauss
10−11 per bounce and a
correction of ∼ 10−5s (ideal
geometry)
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UCN transport Effects

Residual Gas Scattering

Losses Through Upscattering on Residual Gas

2

UPSCATTERING OF ULTRACOLD NEUTRONS FROM GASES FROM GASES PHYSICAL REVIEW C 

Gases	  wordv26.docx	  

[15] D. J. Salvat, et al., Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, 
Detectors and Associated Equipment 691, 109 (2012). 

[16] C. L. Morris and A. Roberts (private communication). 
[17] V. F. Sears, Neutron News 3, 26 (1992). 
[18] J. F. Briesmeister, Version 4C, LA-13709-M, Los Alamos National Laboratory  (2000). 
[19] A. C. Zemach and R. J. Glauber, Physical Review 101, 118 (1956). 
[20] V. F. Turchin, Slow neutrons (Israel program for scientific translations, 1965). 
[21] S. F. Mughabghab, Atlas of Neutron Resonances: Resonance Parameters and Thermal Cross Sections. Z= 1-100 

(Elsevier, 2006). 
[22] V. K. Ignatovich, The Physics of Ultracold Neutrons (Clarendon Press, Oxford, 1990). 
[23] J. A. Young and J. U. Koppel, Physical Review 135, A603 (1964). 
[24] S. S. Chen, R. C. Wilhoit, and B. J. Zwolinski, Journal of Physical and Chemical Reference Data 4, 859 (1975). 
 
	  

	  
	  
	  
Figure	  1:	  Schematic	  of	  the	  experimental	  set-‐up,	  described	  in	  Section	  II.	  
	  
	  
	  
	  
	  
	  
	  
	  

1 1.28(26) s correction at
5× 10−5mbar (of H2 and
other hydrogenous gases)

2 0.26(5) s correction at
1× 10−5mbar

UCN Up-scattering cross
sections measured for
several gases at LANSCE
UCN source

Installing RGA to monitor
gas partial pressures

2S. Seestrom (manuscript in preparation)
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UCN transport Effects

Cleaning

Cleaning Quasi-bound UCN

•  Quasi-‐bound	  (superbarrier)	  
UCNs	  have	  energy	  above	  
the	  trap	  poten9al	  but	  leak	  
out	  slowly.	  

•  Trap	  asymmetry	  +	  field	  
ripple	  from	  the	  array	  
induces	  phase-‐space	  
mixing.	  

•  An	  absorber	  placed	  near	  
the	  top	  of	  the	  trap	  quickly	  
removes	  the	  superbarrier	  
UCNs.	   Absorp9on	  9me	  (s)	  

hclean	  =	  44	  cm	  

hclean	  =	  42	  cm	  

Simula'on	  of	  trap	  cleaning	  

[Walstrom	  et	  al.,	  NIMA	  599	  (2009)	  82-‐92.]	  

Removal	  of	  “Quasi-‐bound”	  UCNs	  
Movable	  Absorber	  for	  trap	  “cleaning”	  

8	  

Proof of principle
upscattering measurement
with 3He

R&D on active cleaner
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β-Detection

Vanadium Dagger

In-situ Counting

1 Drain time possibly dependent on
holding time

2 51V + n→52 V(T1/2 = 3.74 min)
52V→52 Cr+β−+γ(1.434 MeV)

3 Detect β and γ in coincidence
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β-Detection

Background

Iodine Activation in NaI Detectors

1 Thermal neutrons capture on the Iodine in the NaI detectors

2 n +127 I →128 I → β-decay or EC (∼ 25 min)

3 Generates time dependent background

4 Improved detector shielding to reduce this effect

R.W. Pattie Jr for the UCNτ Collaboration Systematics of the UCNτ Experiment 12 / 14
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Conclusion

Conclusion and Summary

1 2013 run provided proof of principle for long storage time in
trap

2 Significant improvements made for the 2014/2015 accelerator
cycle

New trap door/shutter to improve transport into the trap
Better shielding around 51V detector system and new
β-detector will increase S/N

3 Upcoming run cycle will focus on assessing systematics with
the goal of a 1 second measurement of the trap lifetime

R.W. Pattie Jr for the UCNτ Collaboration Systematics of the UCNτ Experiment 13 / 14
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Conclusion
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